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A Study on the Combustion Characteristics of Coke and
Anthracite in an Iron Ore Sintering Bed
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ABSTRACT

Coal combustion in an iron ore sintering bed is a key parameter that determines
quality of the sintered ores and productivity of the process. In this study, effects of the
different types of coal - coke and anthracite - on the combustion in the iron ore
sintering bed are investigated by modeling and experiment. Fuel characteristics of coke
and anthracite are observed through a set of basic analysis and thermo-gravimetric
analysis. Coke has a higher reactivity than anthracite due to the difference of surface
area and density, and these characteristics are reflected in the 1-D unsteady simulation
of the iron ore sintering bed. Calculation results show that different reactivity of the fuel

can affect the bed combustion.
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Fig. 1. Combustion process in an iron ore sintering bed
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Table 1. Results of elemental, proximate,
and calorimetric analysis for coke and
anthracite
Coke Anthraci
te
C 87.86 86.04
Elemental H 0.63 1.34
Analysis 0 9.42 11.85
(%) N 1.55 0.56
S 0.54 0.21
Proximate Volatile 2.26 4.99
analysis Fixed
iy éry carbon 83.75 79.69
base) Ash 13.99 15.34
Heating value (kcalfkg) 6294 5971
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Fig. 2. Results of thermogravimetric analysis
for coke and anthracite
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Fig. 3. Schematic diagram of the
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analysis of large amount of fuel

Table 2. Conditions of thermogravimetric analysis

TGA in lab-scale
General TGA fumnace
sample weight 10 mg 19
Carrier Inert Ar N2
gas in 1000°C Air Air
Flow rate of carrier .
gas 10 Lmin
Heating rate 10 °C/min 10 °C/min
Measurement of gas
composition No 0z, COz, CO
Particle size Not considered 1.5 ~ 3 mm
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Previou.s Models ¢ .. 1 gas flow directions Table 2_. Ol_JtIine of the combustion modeli
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sintering pot 48 2%& ’“Eﬁf& A5 e

) —Maximlrjr;ntemperature—Otr)J;e” [ %q— }E]Z'ﬂ %itﬂ/l ‘:7;]]3 ] }-7] ‘?‘]6]—0:] 5}

- Maximum temperature - Anthracite O:]/\ 7H }‘} %Ei ezé% 1000K 0] /8'0“ /ﬂ’]

£ ety g 2% e 7 A9 Az A9 BT Fw
§ o] * [ LEg e 2322 AS9S wel H)
g ook AA FdEs AEE Wl A {163 A 7ol
g 0101 o 8 o Z2A deudn e @84S B 5 Ao oy
g " £ FAE ade ARolMdRG O}Toﬂfﬂ o
S oosf © o w2 BoAT glEd, ole £4%F drolA 449
3| o o | 4909l 9ol 2/ MEew A2 59
% 400 800 o 160 FAge A Sroh Az M =i <
Time (sec) A /\]7‘;]__‘0: ‘1 7121 ] “q]—r—oﬂ L}'E]"’}'b E‘/H lﬁg}_ ]'
A A e v S 0T 7 U
Fig. 10. Combustion zone thicknesses and 33 %9 Ffdx FAdGS AL ES A4
maximum temperatures in the sintering bed  Z3 2o Hd ¢ FA dEtun YL B F
for using coke and anthracite qew, Adie] FFez A £FF -l
A oolEd ol o WEsA vuve RS B
o Yehgit siaxe) 47 Fage] Fdd F Ak oly@d daAe Aele AA 2F F
of wa o WA dehdn glow di FE Xé«] At A% F4) %‘5&—% 712 A
ARE °F 100 2 b Aol Holx v A Hrh A& Azbel Aol WA iZe] A Al
& AT Uk q7|elA mAzG FAdgke] o] AojAy] W] Ak Zi & 7HA A
Q8 54 A7t AA 24Fe did dolM  Hu, dadt FAAFOEN 5149 AdE
B 2% AT E  dgs €% & A HA 9 e FAAE 49Fe 71H 3
olg@d FEE& A e FAde

Figure 12 dl& 3328 d8g A3 4
o Fdge dAmE AT A 3}

)

A SRS ALY da £E9 H2EA A



A5 WM e sa29 7

Tge da 54 wa 37

12 ~ 0.0020
~—0— Mass-Coke 100
104 - Mass-Anth100
- 0.0016
L
jo2d
0.8 <

—— d(Mass)/dt-Coke100
. - - d(Mass)/dt-Anth100 - 0.

Mass of Carbon (kg)}
o
e
(=]
3
N

s
g
d(Mass of Carbon)/dt

:

T T T -+ 0.0000
0 200 400 600 800 1000 1200 1400 1600

Time(sec)

Fig. 11. Calculated mass reduction of coke
and anthracite
400 - 2000
@@ Duration time (y = 490mm)
Duration time (y = 110mm)
[ Meaximum temperature (y = 490mm) - 1900
'g 3004 777 Maximum temperature (y = 110mm)
3 3
é {1800 €
[}
>3
§ 1 1700 ‘2
£ £
c
3 - 1600 g
-
[a
1500

Coke100

Anth100
Fig. 12. Duration time above 1000K and

maximum temperature for using coke and
anthracite

oElE F U= A 24 Wy B Qs
4. 2 =

FAAxe} Fdete] A8 EA o7l £2Z2
o MA= FFE Fodly] YgeiA F A8
& V= BAE $H3lm, 3 2olE ndd w
Foto] AE FAAG. 1 Adn g3 2
AZE UE ¢ i

1. 22 2ddA maxrt Fdgd us) 4
& &£57 9 weads As Q‘ﬂ%‘ T Ak
ol AEAA Yab U YR AFo] 1§ o] BE
3t A8 Aol WEF v surface reaction
Q1 FH WS FAEE YA wHAH ] 2y wWE
9l Ao ® RHATY},

2. o] d ARFESA)Y Hole 2ZAE Y
AidMe gz wgdEHY, 2dE YoMk
ZAze] di4 Fr7t FAgkd ulg] o w=A

vely = Al dis

3. ukgAol £
HE 4245 FFe
AAHor ALn tHEl
& wof] Hla] o
o} o]& <l itﬂﬂ ER=0 =
FAge AEsE A4S mAAE A}
of ®l&] oF 100% H=7 =g A )
22 FAHY AAAE AT E AHAHA 2
of "t} Fders 4AF AR AL v
g 2ol E udste] HA 2 271 A
gafor & Ao RojATH

2,
=l
1B
k1 o
=
5 o F

(2l Jo 2 32

Ztatel 2
2 AFE POSCO 7= dA74a¢9 #A3r|jsh
SA B AFe] A9e wo} o Fol U

[11 W. Yang, C. Ryu, S. Choi, E. Choi, D
Lee and W. Huh, "Modeling of Combustion
and Heat Transfer in an Iron Ore Sintering
Bed with Considerations of Multiple Solid
Phases”, ISI] International, Vol. 44, No. 3,
2004, pp 492-499,

[2] <4, /A, A4W, “Ad 227 =
W 4 9 EHg Ay 52854, vol
7, 2002, pp.23-31.

[31 R. W. Young, "Dynamic Mathematical
Model of Sintering Process”, Ironmaking and
Steelmaking, Vol. 7, No. 6, 1977, pp. 321-328.

[4] M. J. Comming, and J. A. Thurlby "
Developments in Modelling and Simulation of
Iron Ore Sintering”, Ironmaking  and
Steelmaking, Vol. 17, 1990, pp. 245-254.

[5] M. V. Ramos, E. Kasai, J. Kano and T.
Nakamura, "Numerical Simulation Model of the
Iron Ore Sintering Process Directly Describing
the Agglomeration Phenomenon of Granules in
the Packed Bed”, ISIJ International, Vol. 40,
2000, pp. 448-454

6] &%, 4w, “2A) AR a2 F7
A4 B4 &g A7, 253 KOSCO 74 &
=3, 2002

[7] A. Williams, M. Pourkashanian, J. M.
Jones, "Combustion of Pulverized Coal and
Biomass”, Progress in Energy and Combus-—
tion Science, Vol. 27, 2001, pp. b87-610



